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SUBJECT:  STATUS REPORT - PROTECTI VE COATI NG SYSTEMS FOR
REPAI RED CARBON STEEL SURFACES - 18-MONTH EXPOSURE

1.0 SUMVARY

Recent advances in protective coatings t echnol ogy have
devel oped materials that are intended for use over
mechani cal ly prepared surfaces. These materials prom se
satisfactory corrosion protection for the corroded
carbon steel substrate with only cursory renoval of

| oose, flaking rust to prevent premature adhesion |oss.
These products vary in conposition from epoxies to

pol yuret hanes to chem cal conversion coatings. This
study focused on techniques to rapidly screen many
varied naterials followed by conventional beachfront
exposure testing of the successful candidate coatings.
Data are presented on the performance characteristics of
rust prevention of these coating systens and also gl oss
retention studies of the finish topcoats.

2.0 FOREWWORD

2.1 In 1982, a test program was undertaken by the
Materials Testing Branch (MTB) to eval uate
protective coating systens applied to panels of
carbon steel, alumnum alloys, and stainless steel.
As a part of this program testing was done to
eval uate coating system performance on repaired
carbon steel panels with various surface
preparation techniques. The purpose of this _
testing was to determne if any nechanical cleaning
techni ques would be suitable for inorganic zinc
priners to be applied over previously corroded
carbon steel. Further, several other coating
systens for use over mechanically cleaned carbon
steel were tested. The results of this study
provi ded val uabl e guidance in selecting appropriate
coatings for protection of KSC structures in our
severe nmarine and chem cal environment.
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2.2 The findings of this study were that repair

procedures other than abrasive blasting were
unaccept abl e when preparing corroded carbon steel
surfaces for recoating With inorganic zinc priners.
Also noted was that the repair coatings then

avail able did not performto the level required to
be used in the corrosion control program for
structures and ground support equi pnent at KSC.

The repair coating materials used were the al um num
epoxy mastic fornul ations topcoated with aliphatic
pol yuret hane products. The nunber of manufacturers
and products tested in the study was limted so

that a fair judgement of all coatings was not
determned. Since that tine, many nore

manuf acturers and types of repair coatings have
entered the narket and no doubt inprovenents have
been made to the coating technol ogy enployed to
manuf acture these type materials.

2.3 This present study focused on nmany nore

manuf acturers and types of repair coatings now
available. Al materials under consideration are
recommended t0 be applied to "tightly adhering rust
- mni num surface preparation - no abrasive

bl asting required".

3.0 MATERIALS AND EQUIPMENT

3.1

3.2

3.3

Coating manufacturers were contacted to deliver the
wet sanples of coatings to KSC. The 47 different
coatings applied durln? the course of this study
were supplied by 23 different manufacturers. These
coatings ranged fron1eﬁoxy mastics and noisture
cured urethanes to high build polyurethanes and
chem cal conversion coatings. The materials tested
are listed in Table I.

In preparation for the testing program test panels
were prepared in the MIB coatings |aboratory before
installation in test racks for the salt fog chanber
and beach exposure testing. The coatings
application |aboratory was equi ppe mﬁtﬁ a Binks
Model 18 spray gun with graphite packings, yarious
conbi nations of fluid needles, fluid nozzles,

air caps suited to spray materials of varying
viscosities, and a |l-quart DeVilbiss pressure cup.

For the surface' preparation of the rusty steel
panel s, several pneumatic tools manufactured by the
Florida Pneumatic Corporation were used. These
included an rotary sander/wre brush, rotary
grinder, and a pneumatic needle scaler (needl e gun)
as shown in Figures I-4.  The sandpaper used for
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TABLEI
MATERIAL LIST
MANU FAC’I'URER PRIMER TYPE TOPCOAT TYPE
Ameron Amerlock 400 E Mastlc - Amcrshleld - -E;;;;I;--
AM-TEC L1-P M.C. Urethane L1-C Urethane
Carboline CM 15 Low Odor E. Mastic D834 Urethane
Con-Lux 81 Series E. Mastic 200 Series Urethane
Devoe #1 Pre-Prime 167 Epoxy 359 Urethane
235HS E. Mastic
Devoe #2 235HS E. Mastic 359 Urethane
DuPONT #1 62ZF Epoxy Zinc 326 Urethane
DuPONT #2 25P E. Mastic 326 Urethane
Elite 7510 E. Mastic 4040 Urethane
Engard 473 E. Mastic 428HS Urethane
Hempel #1 4514 H.B. Epoxy 508U Urethane
Hempel #2 4515 E. Mastic 5528 Urethane
Loctite EXTEND Converter
Devoe 359 Urethane
Momar Protect-Al M.C. Urethane
Devoe 359 Urethane
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TABLE I (cont.)
MANUFACTURER PRIMER TYPE TOPCOAT TYPE
Coulter MP-7 Converter
Devoe 235HS E. Mastic 359 Urethane
Neutra-Rust 661 Converter
Devoe 359 Urethane
Plasite C-720 E. Mastic 2089 Urethane
Porter Int’1 7900 E. Mastic XP91-556A Urethane
PPG DTR 97-149 E. Mastic 97-812 Urethane
Packard RENEW Converter
Devoe 359 Urethane
Chesterton NR-763 Converter
Devoe 235HS E. Mastic 359 Urethane
Sherwin-Williams B58 E. Mastic B65 Urethane
Sigma 7476 E. Mastic 5523 Urethane
Seuthern Coatings 645 E. Mastic 270 Urethane
Tnemec #1 135 E. Mastic 74 Urethane
Tnemec #2 50-330 M.C. Urethane 74 Urethane
Corrostabil CS-2985
Xymax C-4-100 Urethane
Xymax PUR-PR M.C. Urethane PUR-COVER  Urethane
Note: E. - Epoxy
H. B. - High Build

M. C. - Moisture Cured
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FI GURE 1

STAI NLESS STEEL W RE BRUSH USED FOR PANEL PREPARATI ON.

FIGURE 2

PNEUVATI C NEEDLE SCALER USED FOR PANEL PREPARATI ON.
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FI GURE 3

PNEUVATI C SANDI NG DI SK USED FOR PANEL PREPARATI ON.

FIGURE 4

COARSE GRI NDI NG WHEEL TOOL USED FOR PANEL PREPARATI ON.
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4.0

the surface preparation was 18 grit and the wre
brush was stainless steel.

3.4 Coating dry film thickness (DFT) was neasured in
mls (0.001") with a calibrated Mkrotest |V
- magnetic pull-off gauge and a Positector 2000
dLgitaI magnetic gauge calibrated with plastic
shi ns.

3.5 The test panels used in this study were 4 inch by 6
inch by 1/8 inch flat carbon steel panels with a 2
inch weld bead in the center of the panel. They
were abrasive blasted to white netal (SSPC-SP-5) to
renove any mll scale and weld slag prior to the
two pre-rusting procedures.

3.6 Topcoat gloss testing was conducted using a
portable, nulti-angle glossmeter manufactured by
BYK Chem e GmbH. All gl oss neasurenments were
conducted at the 60° angle.

3.7 Salt fog exposure was conducted in a Corrosive Fog
Exposure System Mddel SF-2000 manufactured by the
Atlas Electric Devices Conpany, Inc.

TEST PROCEDURES
4.1 panel Preparation and Exposure

4.1.1 The coating of the test panels was
acconpl i shed under relatively controlled
conditions in the Materials Science
Laboratory Coatings Lab by M. Edwin V.

Lkgk a journeyman painter under Contract to

4.1.2 Panels to be used for coating operations
were pre-rusted prior to mechanica
cleaning. The test panels were abrasive
blasted to white netal (sspc-sp-5) before
the two rusting procedures.

4.1.2.1 For the first procedure, the
bl asted panels were placed in an
Atlas Electric Devices Corrosive
Fog System and exposed to the ASTM
B117 salt fog test for two weeks
(336 hours). This procedure
produced a heavily scal ed steel
surface contamnated with salt for
t he subsequent nechani cal cl eaning.
A representative panel fromthis
procedure is shown in Figure 5.
This procedure will also be
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FIGURE 5

REPRESENTATI VE 4" X 6" PANEL PRE-RUSTED IN THE SALT FOG
CHAMBER PRI OR TO CLEANI NG PROCEDURES.
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reproducible if nore panels are
required for further tests in the
future

4.1.2.2 The second procedure placed the
abrasive blasted panels in racks at
t he KSC Beach Corrosion Test Site
for a period of 6 nonths as shown
in Figure 6. This site is |ocated
approxi mately 100 feet from the
high tide line on the Atlantic
Ccean at Kennedy Space Center, F1.
This procedure produced corroded
steel panels in the naturally
occurring conditions of seacoast
exposure.

4.1.2.3 By starting with both conditions,
any differences in performnce of
the coating systens could be
traceable to the pre-rusting
procedur es. If no differences in
performance are noted, then future
test panels naﬁ be pre-rusted in
the salt fog chamber for
conveni ence and time savings.

4.1.3 It was intended to conpare the performance
of previously rusted panels mechanically
prepared using four methods and two
different initial conditions. The four
mechani cal methods are power wire brush
pneumati ¢ needl e gun, sanding disk, and
coarse grinder wheel. The two initial
conditions were to prepare the rusted panels
direct fromthe salt fog chanber or Beach
Site and to prepare the rusted panels after
water washing with a 3000 psi pressure
cleaner. This provided infornmation about
wat er washing prior to surface preparation
to reduce salt concentration on stee
surfaces and possibly affecting coating
performance.  Typically, high salt
concentrations on steel surfaces degrade
coating Perfornance due to the hydroscopic
nature of sodiumchloride. This m
i ncrease noisture perneation through the
coating filmand lead to premature
blistering or corrosion. However, data is
scarce as to how this effects the
performance of the coatings evaluated in
this study.
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FI GURE 6

PANEL PRE- RUSTED AT THE BEACH

CORROSI ON SITE PRIOR TO CLEANI NG PROCEDURES.

X 6"

REPRESENTATI VE 4"
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4.1.4 The salt fog exposure portion of the repair

program consi sted of four mechanical methods
and two initial conditions that produced
eight different sets of coated test panels.
Phot ographs of the surfaces produced by the
four mechanical preparation methods are
shown in Figures 7-10. The various.

conbi nations of test panel preparation are
identified as foll ows.

SALT I'OG EXPOSURE

WB- SFUNW - Power wire brush on unwashed
rusted panel s

NG SFUNW - Needl e gun on unwashed rusted
panel s

SD- SFUNW - Sandi ng di sk on unwashed rusted
panel s

CG SFUNW - Coarse grinder on unwashed
rusted panel s

WB- SFWASH - Wre brush on washed rusted
panel s

NG SFWASH - Needl e gun on washed rusted
panel s

SD- SFWASH - Sandi ng di sk on washed rusted
panel s

CG SFWASH - Coarse grinder on washed rusted

panel s

4.1.5 Initial screening of coating materials was

conducted by exposing prepared panels in the
salt fog chanber. The test panels were
mounted in plastic racks with the surfaces
inclined approximtely 15° from vertical.

The chamber was started using the standard
conditions of ASTM B117. The panels were
moni tored for coating performance at regular
intervals of 24, 48, 72, 168 (1 week),, 336
(2 weeks), 504 (3 weeks), 672 (4 weeks),
1008 (6 weeks), 1344 (8 weeks), 1620 (10
weeks), and 2016 hours (12 weeks). The
panel s were rated accordin% to ASTM D610 for
rusting and ASTM D714 for blistering. This
procedure produced relative perfornmance of
generic coating systens (e.g. epoxy nmastics)
and reduced the nunber of coatings that were
used in the final round of beach testing.
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FIGURE 7

SURFACE PRCDUCED USI NG THE PNEUNVATI C STAI NLESS STEEL W RE

BRUSH PREPARATI ON METHOD ON SALT FOG RUSTED PANEL.



SURFACE PRODUCED USI NG THE PNEUVATI C NEEDLE SCALER ( NEEDLE
GUN) PREPARATI ON METHOD ON SALT FOG RUSTED PANEL.
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FI GURE 10

SURFACE PRCDUCED USI NG THE PNEUNVATI C COARSE WHEEL GRI NDER
PREPARATI ON METHOD ON SALT FOG RUSTED PANEL.
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4.1.6 Panels were prepared by the four different
met hods previously described to determne if
all preparation nmethods were required in the
final testing. Follow ng the screening
procedure, the material Tist and preparation
met hods were evaluated and a decision was
made as to which were included in the final
beach exposure sequence.

4.1.7 Based on results fromthe salt fog exposure
program, the beach exposure portion of the
repair program consisted of two mechanica
met hods and two initial conditions that
produced four different sets of test panels.
Due to the poor performance of the wre
brushed surfaces and the simlarity of the
sanding disk to the coarse grinder results,
the two nethods chosen for the beach testing
were needle gun and coarse grinder. This
reduction in methods hel ped to conserve the
limted supply of beach site rusted panels.
As an additional condition, sone materials
were tested over surfaces that have had no
surface preparation before coating. These
panel s were prepared by applying coatings
directly over the rust and scal e present
after renoval fromthe beach. The various
conbi nations of test panel preparation are
identified as foll ows.

BEACH CORROSION SITE EXPOSURE
NG BSUNW - Needl e gun on unwashed rusted
panel s

CG BSUNW - Coarse grinder on unwashed
rusted panels

NG BSWASH - Needl e gun on washed rusted
panel s

CG BSWASH - Coarse grinder on washed rusted
panel s

UNCLEAN - No surface preparation

4.1.8 The exposure testing for this study was
conducted at the KSC Beach Corrosion Test
Site. This site is located approximtely
1.5 mles South of Launch Conplex 39A  The
coated test panels were installed on a
stainless steel rack that uses porcelain
insulators as standoffs. Each rack can hold
up to 25 panels; however, not all racks were
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conpletely filled. The racks were installed
on gal vani zed pipe test stands at a 30°
angle facing the ocean. The distance of the
test stands fromthe nean high-tide |ine was
approximately 100 feet. Views of the test
site are shown in Figures 11 and 12.

4.1.9 Panels at the Beach Site were inspected

periodically at 1, 3, 6, 12, and 18 nonths

and the degree of corrosion was judged on a
scale of 0 to 10, with 10 being the highest
rating. This rating systemis described in

ASTM D610 as fol |l ows.

RATING DESCRIPTION
10 No rusting or less than 0.01% of surface
rusted.
9 Mnute rusting, less than 0.03% of surface
rust ed.
8 Few isolated rust spots, less than 0.1% of
surface rusted.
7 Less than 0.3% of surface rusted.
6 Extensive rust spots, but |ess than 1% of
surface rusted.
5 Rusting to the extent of 3% of surface
rust ed.
4 Rusting to the extent of 10% of surface
rust ed.
3 Approximately 1/6 of the surface rusted.
2 Approxi mately 1/3 of the surface rusted.
1 Approximately 172 of the surface rusted.
0 Approxi mately 100% of the surface rusted.

The panels used for coating testing have
aﬁproxinately 24 square inches of exposed area.
This calculates to 0.0072 square inches for a
rating of “9*, 0.024 square inches for a rating
of »8», 0.072 square inches for a rating of *7+%,
and so on for the other area anounts. \Wen the
coating performance dropped bel ow a val ue of
the panels were no longer rated due to the
perceived failure of the coating system The

]
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4.1.10

20

continued performance will be listed only as <6
for these nmaterials.

Due to the various |levels of perfornmance of

pol yuret hane topcoats in several recent studies
at KSC, topcoat gloss testing was conducted to
determne the gloss retention of the materials
included in this study. The designated panels
were chosen at random during the Initial
installation on the test racks. They were

| ocated near the rack edge to make renoval and
repl acenent easier for subsequent gl oss

measur ement s. The panels were neasured for
initial gloss before exposure at the Beach
Corrosion Test Site. The gloss readings were
made on the topcoats in the final coating system
configuration. The gloss readings were
determned using the properly calibrated BYK Tri-
doss multi-angle gloss neter at the 60° angle.
Every 6 nonths, the designated panels were
removed from the exposure rack, rinsed wth

dei oni zed water to renmove surface residues,
allowed to dry, neasured for gloss retention, and
replaced in the exposure rack.

5.0 RESUITS AND DI SCUSS
5.1 Salt Fog Test Results

5.1.1

The results of the salt fog exposure testing are
presented in Table I1. Al rating val ues
presented in the tables are an average of two
anel s prepared and exposed at the same tinme.

here the ratings differed from panel to panel, a
sinple arithmetic mean is reported. The sinple
arithmetic averagi ng system can be m sl eadi ng.

It should be noted that a value of "8.75" nerely
means that the performance |ies sonewhere closer
to a9 than 8.  The nunerical rating does not
have the significance of a weight change or
thi ckness change that could be used for kinetic
or nechanistic study. The blisterin? ratings are
based on ASTM D714 with the nunerical part of the
rating denoting the size of the blister and the
letter part of the rating indicating the
frequency. The size of the blisters are based on
a nunerical scale from10 to 0 with the nunber 10
designating no blistering. Blistering rating of
8, 6, 4, and 2 indicate a progressive increase in
size. The frequency of the blisters is reported
in four steps with the letter "D* designating
dense, "MD* designating medi um dense, "M*
desi gnating medium and "F* designating few.

For nore information about this procedure and for



TABLE 1

SALT FOG CHAMBER RESULTS (RUST GRADES/BLISTER RATINGS)

MANUFACTURER PREPARATION 24HRS 48HRS 72 HRS 168 HRS 336HRS 504 HRS 672 HRS 1008 HRS 1344 HRS 1620HRS 2016 HRS
(1 WK) (2 WKS) (3 WKS) (4 WKS) (6WKS) (BWKS) : (I0WKS) (12 WKS)
AMERON WB-SFUNW 10/10 10710 910 8810 8810 85110  8.510 8.5/10 8.5/10 8.5/10 8.5/10
400 EPOXY NG-SFUNW 1010 10/10 10110 1010 10/10 10710 10710 10710 10/10 1010 10110
AMERSHIELD SD-SFUNW 1010 10/10 /10 10/10 10710 10710  10/10 10/10 10/10 10/10 10110
CGSFUNW 10/10 10/10 10/10 1010 1010 10110 10/10 10/10 10/10 1010 10/10
WB-SFWASH 10710 10/10 9/10 910 8810  85/10 8/10 8/8F 8/6F 8/6F 8/6F
NGSFWASH 1010 10/10 1010  10/10 1010  108F  10/8F 10/8M 10/6F 10/6F 10/6F
SD-SFWASH 1010 10/10 1010 10710 10110 1010 1010 10/10 10/10 10/10 10/10
CG-SFWASH 1010 10/10 1010  16/10 1010 9810  9.5/10 95110 9.5/10 9.5/10 9.5/10
MANUFACTURER PREPARATION 24 HRS 48HRS 72HRS 168HRS 336HRS S04 HRS 672HRS 1008 HRS 1344 HRS 1620HRS 2016 HRS
(1 WK) (WKS) (3WKS) (4WKS) (6WKS) (8WKS) (I0WKS) (12 WKS)
AM-TEC WB-SFUNW 10/10 95110 9510 95110  9.566M  9.5/6M  9.54M  9.54M  9.54M  9.54M 9.5/4M
LI-P M.C. URETHANE NG-SFUNW 1010 95110 95110 95110  9.5/10 9510  9.5/8F 9.5RF 9.5/8F 9.5/8F 9.38F
L1 -C TOPCOAT SD-SFUNW 10/10 1/10 9810  9.810  98/6F  98/6F  9.8/6F 9.8/6F 9.8/6F 9.5/6F 9.5/6F
CG-SFUNW 10710 98110 95110 9510 93110 93110  9.310 9.3110 9.3/10 9.3/10 910
WB-SFWASH 10710 10/10 1010 95110  9.58F  9.5/6M  956M  9.56M  956M  9.5/6M 9.5/6M
NG-SFWASH 1010 10/10 10110 /10 1010 10110 9.8110 9.8/10 9.8/10 9.8/10 95110
SD-SFWASH 10710 10/10 1010 9810 95110 9510  9.5/10 9.5/10 9.5/10 9.5/10 95110
CG-SFWASH 10/10 1/10  98/10  9.8/10 9810 9810  9.8/10 9.8/10 9.8/10 9.8/10 9.5/10
MANUFACTURER PREPARATION 24HRS 48HRS 72HRS 168HRS 336HRS S04 HRS 672 HRS 1008 HRS 1344HRS 1620HRS 2016 HRS
(1WK) (WKS) (3WKS) (4WKS) (6WKS) (8WKS) (I0WKS) (12 WKS)
CARBOLINE WB-SFUNW 10110  9.5/6F  856F  836F  156F  156F  G8/6F 686F <6 <6 <6
CARBOMASTIC 15 LO. NG-SFUNW 10/10 1010 10/10 1710 95110  9.5RF 92F 912F 812F 1.32F 7RF
D834 TOPCOAT SD-SFUNW 10110  9.8/10 9810 9510 95110 94F  8.8/4F 8.3/4F 1.5/4F 1.5/4F 1.5/4F
CGSFUNW 10/10 1”F  10”F  9372F  932F  8.50F 812F 812F 737F <6 <6
WB-SFWASH 1010  9.52F  952F 882F  882F  832F  1872F  1.54M 74M  6.8(4M <6
NG-SFWASH 1010  10”F  10”F  9.52F  9.52F 92F 92F 8.82F 872F 1512F <6
SD-SFWASH 1010  982F 982F 932F 932F  882F  852F 8.52F 8/2F 7.502F 6.8/2F
CG-SFWASH 10110 9.w 982F 932F  932F  882F  8.32F 8.32F 7.8/2F 152F <6

SEBY-T6
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TABLE 0 (cont.)

PREPARATION

24 HRS 48 HRS

72 HRS 168 HRS 336HRS 504 HRS 672 HRS 1008 HRS 1344 HRS 1620HRS 2016 HRS
(1 WK) (2 WKS) (3 WKS) (4WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)

....... %

CON-LUX W-B-SFUNW 10/10  10/10  10/8M 9.3/8M 8.54MD 85/4MD 83/4MD 83/4MD 834MD 83/AMD  83MD
81 EPOXY NG-SFUNW 10/10 10710 1010  10/10  10/10 10/10 10/8F  958F  958F  95M8F 9.5/8F
200 TOPCOAT SD-SFUNW 10/10  10/10  10/10  10/10  10/6F 10/6F 9.5/6F  95/6F  95/6F  9.5/6F 9.5/6F
CG-SFUNW 10/10  10/10 1010  10/10  10/10  10/8F  10/8F 10/8F 10/8F 10/8F 10/8M

WB-SFWASH 10/10 1010  9.8/8F 9.5/8F  9.5/6F 9.3/6M 88/6MD 8.54MD 85/4MD 8.5/4MD  8.5/4MD

NG-SFWASH 10/10 1010 1010  10/10  108F  10/8F 9.58M  88/8M 888M 888M  888M

SD-SFWASH 10/10  10/10  10/10  10/10 9.58M 95/6M  9/6M  854M  85/4M  854M  8.54M

CG-SFWASH 10/10  10/10  10/10  10/10 98/6F 98/6F 9.8/6M  956M  95/6M  956M  9.5/6M

MANUFACTURER PREPARATION 24 HRS 48 HRS 72HRS 168 HRS 336HRS 504 HRS 672HRS 1008 HRS 1344 HRS 1620 HRS 2016 HRS
(1WK) (2 WKS) (3 WKS) (4WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
- c—— m s e e s eegemmmmmmm e n———

DEVOE WB-SFUNW 1010 1010  10/10  10/10 10710  10/10  10/10 10/10 10/10 10/10 10/10
467 PRE-PRIME NG-SFUNW 1010  10/10  1/10  10/10 1010  10/10  10/10 10/10 10/10 10/10 10/10
235 EPOXY SD-SFUNW 10/10  10/10  10/10  10/10  10/6F  10/6F  10/6F 10/6F 10/6F 10/6F 10/6F
359 TOPCOAT CG-SFUNW 10/10 1010  10/10  10/10 10710  10/10  10/10 10/8F 10/6F 10/6F 10/6F
WB-SFWASH 10/10  10/10  10/10  10/10  10/10  10/4F  10/4F 10/4F 10/4R 10/4F 10/2F

NG-SFWASH 10/10  10/10  10/10  10/10  98/10 9.84F 9.8/4F  95/4F  954F  9.5/4F 9.5/4F

SD-SFWASH 10/10  10/10  10/10  10/10  10/10  10/4F  10/4F 10/4F 10/4F 10/4F 10/4F

CG-SFWASH 10/10  10/10  10/10  10/10 1010  10/4F  10/4F 10/4F 10/2F 1012F 1012F

MANUFACTURER PREPARATION 24HRS 48HRS 72 HRS 168HRS 336HRS 504 HRS 672HRS 1008 HRS 1344 HRS 1620 HRS 2016 HRS
(1WK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10WKS) (12 WKS)

DEVOE WB-SFUNW 10710 10710 9/10 9/10 85/10 8510 858F 858M 858M  8.5/8M 8.5/8M
235 EPOXY NG-SFUNW 1010 1010 10/10 1010 1010 10/10 10410 10/10 10110 10/10 10/10
359 TOPCOAT SD-SFUNW 1010 10/10  10/10  10/10 10710  10/10  10/10 10/8F 10/8F 10/8F 10/8F
CG-SFUNW 1010 1010 10/10 1010 1010 10/10  10/10 10/10 1/10 10/10 10/10

WB-SFWASH 10/10  10/10 8/10 8/10 810 7510 7.5110 7.58M 7158M  158M  1.58M

NG-SFWASH 10/10  10/10  10/10 98/10 95/10 9510 9510 9510 9510  95/10 93/10

SD-SFWASH 10/10  10/10  10/10  10/10  9.8/10 9.8/10 9.8110 95110 9.5/10  9.5/8F 9.5/8F

CG-SFWASH 1010  10/10 9810 9510 9510 9510  9.3/10 9/10 9/10 9/10 9/10
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TABLE Il (cont.)
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MANUFACTURER PREPARATION 24 HRS 48 HRS 72 HRS 168 HRS 336HRS 504 HRS 672HRS 1008 HRS 1344 HRS 1620HRS 2016 HRS
(1 WK) (2 WKS) (3 WKS) (4WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
DUPONT WB-SFUNW 10/8M 9258M 858M 85/6M  754F 754F 715/4M  13/4M  713/4M  1.3/4M 1.3/4M
62ZF EPOXY ZINC NG-SFUNW 10/8F 10/8F 10/8F 988F 9.88M 93/38M 93/8M 9.3/8M 9.3/8M 9/8M 8.8/8M
326 TOPCOAT SD-SFUNW 10/8M  10/8M  10/8M 9.58M 9.5/6M 9.5/6MD 95/6MD 9.5/6MD 95/6MD 9.5/6MD  9.3/6MD
CG-SFUNW 10/8M  988M 9.8BM 9.88M 9.86M 95/6MD 9.5/6MD 9.5/6MD 95/6MD 9.5/6MD  9.3/6MD
WB-SFWASH 108F 988F 93/8F 9.3/8M 9/6M 8.5/6M  8.5/4M 8.5/4M  85/4M  8.5/4M 8.5/4M
NG-SFWASH 10/8M  938M 888M 888M 88/6M 88/6M 88/6M  886M  886M  88/6M 8.5/6M
SD-SFWASH 9.8/8MD 958MD 9/8MD 9/8MD 8.5/8MD 858MD 8.5/6M 8.5/6M 8.5/6M 8.5/6M 8.5/6M
CG-SFWASH 10/8M 9.8/SMD 9.8/MD 9.88MD 9.8/SMD 9.8/8MD 9.8SMD 9.8/8MD 9.8/8MD 9.8/8SMD  9.88MD
MANUFACTURER PREPARATION 24HRS 48 HRS 72HRS 168HRS 336HRS 504 HRS 672HRS 1008 HRS 1344 HRS 1620 HRS 2016 HRS
(1WK) (2 WKS) (3 WKS) (4WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
DUPONT WB-SFUNW 10/10 10/10 10/10 10/10 98110 9.88F 9.8/6M 9.8/6MD 9.84MD 9.8/4MD  9.82MD
25P EPOXY NG-SFUNW 10/10 10/10 10/10  9.8/10  9.8110 98110 9.75110 9.8/6M 9.8/6MD 9.8/6MD  9.8/4MD
326 TOPCOAT SD-SFUNW 10/10 10/10 10/10 10710 10/10 10/10  10/8M 10/6M  10/6MD 10/6MD  10/6MD
CG-SFUNW 10/10 10/10 10/10 10710 10/10 10710 10/10 10/10 10/6M 10/6M 10/4M
WB-SFWASH 10/10 10/10 10110 9.8/10  9.8/10 9.8/10  9.8110 9.812F 9.8/2F  9.715/2F 9.8/2F
NG-SFWASH 10/10  9.8/10  9.8/10 98/10 95110 95/10 95110 9.5110 9.5110 9.5/10 9.5110
SD-SFWASH 10/10 10/10 10/10 10/10 10/10 10/10 10/10 9.8110 9.8/10 9.8110 9.8110
CG-SFWASH 10/10 10/10 10/10 10/10 10/10 10/10 10/10 10/10 10/10 9.8110 9.8/10
MANUFACTURER PREPARATION 24HRS 48HRS 72 HRS 168HRS 336HRS 504 HRS 672HRS 1008 HRS 1344 HRS 1620HRS 2016 HRS
(1 WK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
ELITE WB-SFUNW 10/10 10/10 10/10 10/10  9.8/10  9.8110 9.5110 9.5110 9.3/8F 9/8F 8.8/6M
7510 EPOXY NG-SFUNW 10/10 10/10 10/10 1710 98110 9.8/10  9.8/10 95/10 9.5110 9.5/8F 9.5/8F
4040 TOPCOAT SD-SFUNW 10/10 10/10 10/10 98110  9.8110  95/10  9.3110 9.3110 9/10 9/10 8.8/10
CG-SFUNW 10/10 10/10 1/10 98110 9.8/10 98110  9.8110 9.5/10 9.5110 9.3/10 9.3/10

WB-SFWASH 10/10 10/10 10710 10/10 10/10 10/10 10/10 10/10 9.5110 9.5/10 9.5110 N

NG-SFWASH 10/10 10/10 10710 10/10 10/10 9.8110 9.8110 9.5/10 9.5110 93/10 93110 W
SD-SFWASH 10/10 10/10 10/10 1010 10/10 10/10 10/10 9.8110 9.8110 9.5/10 9.3/10
CGSFWASH 10/10 10/10 1710 98110  9.8110 95/10 95110 9.5/10 9.5110 9.5/10 9.3110



TABLE 11 (cont.)

MANUFACTURER PREPARATION 24 HRS 48 HRS 72 HRS 168 HRS 336HRS 504 HRS 672 HRS 1008 HRS 1344HRS 1620HRS 2016HRS

(1 WK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)

ENGARD WB-SFUNW 10/10 95110 9%310 8H100 9%H3W0  8.38B 8/8F 8/8F 8/8F 8/8F 7.8/8F

473 EPOXY NG-SFUNW 10710 8:?%80 9.8118  98L10 88110  gg110 85110  8.25/10 83110

428HS TOPCOAT SD-SFUNW 10/10 10/ 10/10 9.5110 95/10 9.8110 958M  9.3/8M  93/8M  9.3/8M 9.3/8M

CG-SFUNW 10/10 9.110 9.5110 9.5110 9.5110 9.5110 93/6M  9/6M 9/6M 9/6M 8.5/6M

WB-SFWASH 10/10 10710 10/10 10710 10710 9/10 8.5110 8.5110 8.3110 8.3110 1.512F

NG-SFWASH 10/10 9.8110 9.8110 9.5110 9.5110 9.5110 9/10

SD-SFWASH 10/10 1010 1000 19 o 9.8110 9.8110 9.8110 9.8110 95110 9.5110

CG-SFWASH 10/10 10710 1710 9¥0 03946 9.5110 9.5110 9.5/t0 9.5110 9.5110 9.5/10

MANUFACTURER PREPARATION 24 HRS 48HRS 72HRS 168 HRS 336 HRS 504 HRS 672 HRS 1008 HRS 1344HRS 1620HRS 2016 HRS

(1WK) (2WKS) (3WKS) (4 WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)

HEMPEL #1 WB-SFUNW " 1010 96F  9/6F  BI6F  8/6F  8/6M 8/6MD  8/6MD 73/6MD 73/6MD  7/6MD
4514 EPOXY NG-SFUNW 1010 95110 95110 8.8/8F B888F 838F 83/8M 8/8M  7138M  1.3/8M <6

508U TOPCOAT SD-SFUNW 10/10 98110  9.5/10 9/8F 9/8F 9/8F  8.8/8F 8.8/8F 8.5/8F 8.3/8F 8/8F

CG-SFUNW 10/10 95110 95110 8.5BF  8.5/8F 8/8F 8/8F 8/8F 8/8F 7.5/8F 7/8F
WB-SFWASH 10/10 9.8/6F 9.5/6F 88/6M 8.3/6M 82/6M 78/6M  7.3/6M 7/6M <6 <6

NG-SFWASH 10/10 98110 95110 858F 88BF 88/6F 856M 856M  85/6M  8.3/6M 7.8/6M

SD-SFWASH 10/10 95110 95110 95110 95/10 958M 958M  958M  93/8M  9.3/8M 8.8/8M

CG-SFWASH 10/10 93110 93110 888F 88BF 858BF 858M 858M 838M  8.3/8M 8/8M

MANUFACTURER PREPARATION 24HRS 48 HRS 72 HRS 168 HRS 336HRS 504 HRS 672HRS 1008 HRS 1344HRS 1620HRS 2016 HRS

(1 WK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)

HEMPEL #2 WB-SFUNW 10/10 95110 9/10 88110 85/10 8.5/4F  8.5/4F 8/4F 7.5/4F 6.8/4F 6.8/4F
4515 EPOXY NG-SFUNW 10/10 95110  9.3110 9/8M 9/8M 85/78M 88M  758M  738M  6.8/8M <6

5528 TOPCOAT SD-SFUNW 10010 95/10 95110 9/10 9/10 88/6M 88/6M  85/6M  83/6M 8/6M 7.8/6M

CG-SFUNW 10/10 98110  9.8/10 95/4F  9.5/4F 9/4M 88M4M  884M  83/4M  7.5/4M 7/4M

WB-SFWASH 10710 98110  9.8110  9.5/4F 9/4F 9/4M 85/4M  8.5/4M 8/4M  7.8/4M 7/4M

NG-SFWASH 10/10 98110 98110 958F 93/8F 9338M 9%8M  8.858M  8538M 8/8M 7.8/8M

SD-SFWASH 10/10 10710 10/10  9.58M 9.5/8M 9.3/8M 9/6M 9/6M  88/6M  8.8/6M 8.5/6M

CG-SFWASH 10/10 10/10 9.8110 98/6M 9.8/6M 93/6M 9/6M  8.86M  85/6M  8.5/6M 8.3/6M
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TABLE II (cont.)

MANUFACTURER PREPARATION 24 HRS 48 HRS 72 HRS 168 HRS 336 HRS 504 HRS 672HRS 1008 HRS 1344 HRS 1620HRS 2016 HRS
(1 WK) (2 WKS) (3 WKS) (AWKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
LOCTITE EXTEND WB-SFUNW 10/8M 888M 858M 854F 854F 85/6M 85/6M  85/6M  83/6M  18/6M  1.5/6M
CONVERTER NG-SFUNW 10/8M  9.3/8M 9/8M 9/6M 9/6M 9/6M 9/6M 88/6M 83/6MD 78/6MD  71.5/6MD
WITH DEVOE 359 SD-SFUNW 10/8M 9/8M 98M 9/6M 9/6M 9/6M  8.8/6M 85/66M 78/6MD 7.3/6MD 7/6D
CG-SFUNW 10/8M 8/8M 8/8M 8/6M 8/6M 8/6M 8/6M 8/6M 7/6MD 6/6MD 6/6D
WB-SFWASH 1/8M  9/8M 888M 888M 88/8M 888M 8.8/8M 88M  75BM  1.5/8M 1M
NG-SFWASH 10/8M  958M 938M 938M 93/8M  98M  98M 8/8M  7.5/6M 76M  63/6M
SD-SFWASH 10/8M 9/8M 888M 858M 858M 858M 85/18M 8.5/8M 8/6M 7.5/6M 7/6M
CG-SFWASH 10/8M  98/8M 9.88M 988M 958M 93BM 9.3/8M 9/8M 8.38M 7.5/8M 7/8M
MANUFACTURER PREPARATION 24 HRS 48 HRS 72 HRS 168 HRS 336HRS 504 HRS 672HRS 1008 HRS 1344 HRS 1620 HRS 2016 HRS
(1WK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
MOMAR WB-SFUNW 10/10 9%8F 88M 788M  1/6M  1/6M  T/6M WM <6 <6 <6
PROTECT-AL NG-SFUNW 10/10 858F 88M  88M  7/6M  T/6M 68/6M 68/6M <6 <6 <6
M.C. URETHANE SD-SFUNW 10/10  10/8F 9.58F 958F 83/6M 83/6M 83/6M 86M <6 <6 <6
DEVOE 359 CG-SFUNW 10/10  9.5/8F 98F  9/8F 8.5/6M 85/6M 8.5/6M 8/6M <6 <6 <6
WB-SFWASH 10/10  10/10 98110 98/10 93110 93110 9.3/8F  838F <6 <6 <6
NG-SFWASH 10/10  10/10 98110 9.8/10 93110  9.3110 98F  838F <6 <6 <6
SD-SFWASH 1010  10/10 1010  10/10  95/10 9510 958F  B858F <6 <6 <6
CG-SFWASH 1010 10/10  10/8F  108F  958F 95110 95110 98F <6 <6 <6
MANUFACTURER PREPARATION 24HRS 48 HRS 72 HRS 168HRS 336HRS 504 HRS 672HRS 1008 HRS 1344 HRS 1620 HRS 2016 HRS
(1 WK) (2 WKS) (3 WKS) (4WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
MP-7 CONVERTER WB-SFUNW 10/10 10/8F 10/8F 10/8F 98/8F  9.8/8F 9.8/8F 9.5/6F 9/6MD 8.5/6MD 8/6MD
DEVOE 235HS/359 NG-SFUNW 10/10 10/8F 10/8F 10/8F 10/8F 10/8F 10/8F 10/8F 9.3/8F 9/8F 9/8F
SD-SFUNW 10/10 10/8F 10/8F 10/8F 98B8F 9.8/8F 9.5/8F 9.5/8F 9/6F 8.8/4F 8.8/F
CG-SFUNW 1010 10/8F  10/8F 108F  108F  10/8F  10/8F 10/6F  9.5/6F  95/6F 9.3/6F
WB-SFWASH 10/10 10/10 10/10 10/10 10/10 10/10 10/10 10/10 9.8110 95/8F 9/8F
NG-SFWASH 10/10 10/10 10/10 10/10 10/10 10/10 10/10 10/10 9.5110 9.3/10 9/10
SD-SFWASH 1010 10/10 10/10 10/10 10/10 10/10 9.8110 9.5110 9/8F 9/8F 8.8/8F
CGSFWASH 10/10  10/10  10/10  10/10  10/10 1010  10/10 10/10 9/8F 9/8F 9/8F
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MANUFACTURER

PREPARATION

TABLE Il (cont.)

24 HRS 48 HRS

72 HRS 168 HRS 336 HRS 504 HRS 672 HRS 1008 HRS 1344 HRS 1620 HRS 2016 HRS
(1 WK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)

NEUTRA-RUST WB-SFUNW 10/8M 758M 688M 688M 688M 638M c 6 <6 <6 <6 <6
CONVERTER NG-SFUNW 10/8M  738M 688M 688M  6/8M <6 <6 <6 <6 <6 <6
WITH DEVOE 359 SD-SFUNW 10/8M 738M  18M  18M 65B8M 638M < 6 <6 <6 <6 <6

CG-SFUNW 10/8M 788M 75BM 75BM 7158M  18M < 6 <6 <6 <6 <6

WB-SFWASH 10/8M  7/8M 658M 658M 658M 63BM < 6 <6 <6 <6 <6

NG-SFWASH 10/8M  73/8M 688M 658M 658M 658M < 6 <6 <6 <6 <6

SD-SFWASH 1/8M 73/8M 688M 688M 688M 638M < 6 <6 <6 <6 <6

CG-SFWASH 10/8M 788M 758M 758M 158M 738M < 6 <6 <6 <6 <6
MANUFACTURER PREPARATION 24 HRS 48HRS 72HRS 168HRS 336 HRS 504 HRS 672HRS 1008 HRS 1344 HRS 1620HRS 2016 HRS
(LWK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)

PLASITE WB-SFUNW 10/10 9,510 9/10 8/10 8/10 70 <6 <6 <6 <6 <6
C-720 EPOXY NG-SFUNW 10/10 98110  9.8110 98110 98110 9.34F  8.8/4F 8/4F  13/4F  6.8/4F 6.8/4F
2089 TOPCOAT SD-SFUNW 10/10 9510 95110 910 9/10 82F  1.512F MF <6 <6 <6

CG-SFUNW 10/10  10/10  10/10 95110  9.5110 93/6M  9/6M  8.8/6M  83/6M  8.3/6M  75/6M

WB-SFWASH 10/10 95110  9.3110 88110 8.78/10  88M 7.88M  7.88M  758M  1.58M 7/6M

NG-SFWASH 10/10  10/10  10/10 10”F  102F 952F 9502F  952F  9372F  93/2F 9.312F

SD-SFWASH 1010 1010 10710 9.8/8MD 9.8/8MD 958MD 9.38MD 9.3/8MD 98MD  9/8MD  85/6MD

CG-SFWASH 10/10 1010  10/10 9.8/8MD 9.8/8MD 9.88MD 9.58MD 9.5/8MD 9.58MD 9.5/8MD  9.5/8MD

MANUFACTURER PREPARATION 24 HRS 48HRS 72 HRS 168 HRS 336HRS 504 HRS 672 HRS 1008 HRS 1344 HRS 1620 HRS 2016 HRS
(1WK) (2 WKS) (3 WKS) (AWKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)

PORTER WB-SFUNW 1010 95110 93110 9/10 85110 83/6F  8.3/6F 8/6F  1.5/6F  6.8/6F 6.8/6F

7900 EPOXY NG-SFUNW 10/10 1010 98110 95110 93110  9/10 910 88110 85110  85/10 7.8/8F

XP91-556A TOPCOAT SD-SFUNW 10/10  10/10  10/10 98110  95/10 9.58F  9.3/8F 9/10 9/8F 9/8F 9/6M

CG-SFUNW 10/10 1010 10/10 95110  9.5/10  93/10 9/6F 9/6F 9/6F 9/6F 8.8/6F
WB-SFWASH 1010 93110 93110 88110 88110  7.5/10 7710 <6 <6 <6 <6
NGSFWASH 1010 1010  1/10  10/I0 10/10 98110 93110 88110  83/10  83/10 7388F
SDSFWASH 10/10  98/10 98110 95/10 9510 9.54F  954F  93/4F 9/4F 9/4F 8.5/4F
CG-SFWASH 10/10  10/10  10/10 98110 98110 93/6M 93/6M  9.3/6M  88/6M  8.86M  85/6M

Gs8%-T¢



TABLE 11 (cont.)

MANUFACTURER PREPARATION 24HRS 48 HRS 72HRS 168HRS 336HRS 504 HRS 672HRS 1008 HRS 1344 HRS 1620HRS 2016 HRS
(1WK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
PPG WB-SFUNW 10/10 1010 10/10 98110  9.8110 9.8/10  9.8110 9.5110 95110  9.5110 9.5110
97-149 DTR EPOXY NG-SFUNW 10/10  10/10 98110 95110 95110  9.3110 9/10 9/10 9/6F 9/4F 9/4F
97-812 TOPCOAT SD-SFUNW 10/10  10/10  10/10  10/10  10/10  9.8/10  9.8110 9.8110 9.8110  9.8/6F 9.8/6F
CG-SFUNW 10/10 1010  10/10  10/10 98110 98110  9.8110 98110  9.8/10  9.8110 9.8/10
WB-SFWASH 10/10 1010 98110 95110 95110 95110 95110  95/4F  93/4F  93/2F 9/2F
NGSFWASH 10/10 1010 10/10  10/10 938110 98110  9.8110 9.3110 93110  93/10 9.3110
SD-SFWASH 10/10  10/10  10/10  10/10 98110 9.8/10 984F  984F  982F  9872F 9.8/2F
CG-SFWASH 10/10  10/10  10/10  10/10  10/10  10/2F  10/2F 10/2F 10/2F 10/2F 9.8/2F
MANUFACTURER PREPARATION 24HRS 48 HRS 72 HRS 168 HRS 336HRS 504 HRS 672HRS 1008 HRS 1344HRS 1620 HRS 2016 HRS
(1WK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
RENEW CONVERTER WB-SFUNW 1010 838M  88M  B88M  88M  88M  88M  7.8/8M MM <6 <6
WITH NG-SFUNW 1010 838M 838M 88M  88M 88M  8BM  788M 713BM <6 <6
DEVOE 359 SD-SFUNW 10/10 838M  88M 788M 7.58M 75B8M 7158M  7.3/8M M <6 <6
CG-SFUNW 10/10  8/8M 78/8M 7.88M 7.8/8M 788M 788M  7.3/8M MM <6 <6
WB-SF-WASH 10/10 B85BM 858M  88M  88M  88M  8BM 8/8M  7/4MD <6 <6
NG-SFWASH 10/10 8/8M  88M  88M  88M  88M  88M  7.5/8M M <6 <6
SD-SFWASH 10710 88M  88M  88M  88M  88M  B8BM  7.58M M <6 <6
CG-SFWASH 10/10 858M  88M  88M  88M  88M  88M 8/8M  158M <6 <6
MANUFACTURER PREPARATION 24HRS 48HRS 72 HRS 168 HRS 336 HRS 504 HRS 672 HRS 1008 HRS 1344 HRS 1620 HRS 2016 HRS
(1 WK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
RUST TRANSFORMER WB-SFUNW 1010 10/10  10/10 10710 10/10  10/8F  10/6F 10/AF  95/6M  93/6M  9/6MD
WITH NG-SFUNW 1010 10/10  10/10 10710  10/10  10/8F  10/6F  9.8/6F  93/6M 9/6M  8.8/6MD
DEVOE 235HS/359 SD-SFUNW 1010  10/10 10710 10710 10710  10/8F  10/8F 108F  958F  938F 888MD
CG-SFUNW 1010  10/10 10710 10110 10/10  108F  10/8F 10/6F  9.5/6F 9/6F  8.5/6MD
WB-SFWASH 10/10 10710  10/10 1010  10/10  10/10  10/10 10/10 95110  95M8F 9/8F
NG-SFWASH 10/10 1010 1010  10/10 1010  10/10  10/10 1010 93110 9/10 9/10
SD-SFWASH 1010 1010  10/10  10/10  10/10 10110 10/10 10/10 95110  95/10 93/10
CGSFWASH 10/10  10/10  10/10 10710 1010  10/10  10/10 1010 95110  95/10 93/10
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TABLE 11 (cont.)
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MANUFACTURER PREPARATION 24 HRS 48HRS 72 HRS 168HRS 336HRS 504 HRS 672HRS 1008 HRS 1344HRs 1620 HRS 2016 HRS Wi
(1WK) (2 WKS) (3 WKS) (4WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
SHERWIN-WILLIAMS WB-SFUNW 10/10 10/10 10/10  98/10 95/10 93/10  9.3/6F 93/4F 9.3/4F  9.3/4M 9.3/4M
B58 EPOXY NG-SFUNW 1010 10/10 10/10 10/10 10/10 10/10 10/8F 9.8/8F 9.8/8F  9.8/8M 9.8/8M
B65 TOPCOAT SD-SFUNW 10710  10/10 10/10 10/10 9.8/10  9.8/10  9.8/8F 9.5/8F 9.5/6F  9.5/6M 9.5/6M
CG-SFUNW 10/10  10/10 10/10 10/10 10/10  10/10 10/10 10710 9.8/10 9.8/2F 9.8/2F
WB-SFWASH 10/10  10/10 10/10 10/10  9.8/6F 95/6M 93M4M 93/4AMD 92MD  9/2MD  8.52MD
NG-SFWASH 10/10 10/10 10/10 10/10 10/10 10/6F 10/6F 10/6M 98/6MD 9.5/6MD  9.5/6MD
SD-SFWASH 10710  10/10 10/10 10/10 10710 10/6F 98/6M  9.8/4AM 984MD 9.5/4MD  9.5/4AMD
CG-SFWASH 10/10  10/10 10/10 10/10 10/10  10/4F 1012F 1012F 1012F 102F 1012F
MANUFACTURER PREPARATION 24 HRS 48 HRS 72 HRS 168HRS 336HRS 504 HRS 672HRS 1008 HRS 1344HRS 1620 HRS 2016 HRS
(1 WK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
SIGMA WB-SFUNW 10/10 10/8F 10/8F 10/8F 10/4F 10/2F 10/2F 10/2F 10/2F 10/2P 10/2F
7476 EPOXY NG-SFUNW 1010 10/8F 10/8F  10/8F 10/6F  10/4F 10/2F 10/2F 10/2F 1012F 1012F
5523 TOPCOAT SD-SFUNW 10/10  10/8F 10/8F  10/8F 10/AF  10/4F 10/2F 1072F 10/2F 1072F 1012F
CG-SFUNW 10/10 10/8F 10/8F 10/8F 10/6F 10/4F 10/2F 10/2F 10/2F 10/2F 10/2F
WB-SFWASH 10110 10/10 10/10 10/10 10/8F  10/8F 10/8F 10/8F 10/8F 10/8F 10/8F
NG-SFWASH 10/10 10/10 10/10 10/10 10110 10110 10/10 10/10 10/10 10/10 10110
SD-SFWASH 10/10 10/10 10/8F  10/8F 10/8F  10/6F 10/6F 10/6F 10/6F 10/6F 10/6F
CG-SFWASH 10/10 10/10 10/10 10/10 10/8F  10/8F 10/8F 10/8F 10/8F 10/8F 10/8F
MANUFACTURER PREPARATION 24 HRS 48 HRS 72 HRS 168 HRS 336HRS 504 HRS 672HRS 1008 HRS 1344HRS 1620 HRS 2016 HRS
(1 WK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
. ---@--m----
SOUTHERN COATINGS WB-SFUNW 10/10 10/10 9.5/10 95/8F 95/4F 952M  9572M 9.5/2M 932M 9252M 9.3/al
645 EPOXY NG-SFUNW 10/10 10/10 1010 10/10 10/6F  10/4F 10/4F 10/4F 10/4F 10/4F 9.8/AF
270 TOPCOAT SD-SFUNW 10/10 10/10 10/8F 988F 9.8/4M 98/4M 984M  98/4M  954M  9.5/4M 9.5/4M
CG-SFUNW 10/10 10/10 10/8F 10/8F 10/6F  10/6M 10/6M 9.8/6M 9.8/6M 9.8/6M 9.8/6M
WB-SFWASH 10/10 10/10 9.5/8F 9/8F 9/8F 9/8M 9/8M 9.3/6M 9.3/6M 9.3/6M 9.3/6M

NG-SFWASH 10/10 10/10 10/8F 10/8F 10/8F 10/8F 10/8F 10/8F 10/8F 10/6F 10/6F 1

SD-SFWASH 10710 10/10 10/8F  10/8F 10/8F  10/8F 10/8F 10/8F 10/6F 10/6F 10/6F *®
CG-SFWASH 10710 10/10 10/8F  10/8F 10/8F  10/8F 10/8F 10/8F 10/6F 10/6F 10/6F



TABLE II (cont.)

MANUFACTURER PREPARATION 24 HRS 48 HRS 72 HRS 168 HRS 336HRS 504 HRS 672HRS loos HRS 1344HRS 1620 HRS 2016 HRS
(1WK) (2 WKS) (3 WKS) (4WKS) (6 WKS) (BWKS) (10 WKS) (12 WKS)
TNEMEC #1 WB-SFUNW 10/10 9810 95110 93110 93/8M 938M 938M  93/6F  88/6F  8.5/4F 8.5M4F
135 EPOXY NG-SFUNW 10/10 1010 10/10 95110 93BF  98F 9BMD  9/8MD 888MD 888MD  8.88MD
74 TOPCOAT SD-SFUNW 10/10  9.8/10 95110 93110 93110 93110 93BM  9.3/8M 98M 9/8M  8.5/8M
CG-SFUNW 10/10  9.8/10  9.8/10 98110 9510 93110 938MD 9.3/8MD 9/SMD 8.58MD  8.38MD
WB-SFWASH 10/10 98110 9510 93110 93110 93/10 93/8MD 9.3/8MD  9/8MD 8.8/8MD  8.3/8MD
NG-SFWASH 10/10  10/10  9.810 9.8/10 98/10 9810 958M  9.58M 9%8M 8758M  8.38M
SD-SFWASH 110 98110 9810 95110 95/10 93110 9.3/8F  9.3/6F 9/6F 9/6F 8.5/6F
CG-SFWASH 10/10  10/10  9.8/10 95110 95/10 9.3/10 938F  93BF  888F  8.58F 8.3/8F
MANUFACTURER PREPARATION 24 HRS 48HRS 72 HRS 168 HRS 336 HRS 504 HRS 672HRS 1008 HRS 1344 HRS 1620 HRS 2016 HRS
(1 WK) (2 WKS) (3 WKS) (4 WKS) (6 WKS) (8 WKS) (10WKS) (12 WKS)
TNEMEC #2 WB-SFUNW 10/10  98/10 95110 9.3/6M  94M 884M 834M  134M <6 <6 <6
50-330 NG-SFUNW 1010 95110 9510 938M  98M B858M  8BM  688M <6 <6 <6
M.C. URETHANE SD-SFUNW 10/10  98/10  98/10 958M 9.58M  98M 85/6M  713/6M <6 <6 <6
74 TOPCOAT CG-SFUNW 10/10 98110  9.5/10 958F 938F 888F 8.58M 8/8M  138M <6 <6
WB-SFWASH 10/10  10/10  10/10  10/6F  98/6F  9.5/6F 9/6F  B836F  T56F <6 <6
NG-SFWASH 10/10  10/10  10/10 10/8M 9.58M 958M 93$8M  8.8/8M 158M <6 <6
SD-SFWASH 10/10  10/10  98/10 9810 93110  9/10 910  85/10 758M  688M <6
CG-SFWASH 10/10 10710 1010 10/10 93110 92510 9.3/8F  88BF  83/8F  7.8/6F 7.3/6F
MANUFACTURER PREPARATION 24 HRS 48HRS 72HRs 168 HRS 336HRS 504 HRS 672HRS 1008 HRS 1344HRS 1620 HRS 2016 HRS
(1WK) (2 WKS) (3 WKS) (4WKS) (6 WKS) (a WKS) (10 WKS) (12 WKS)
XYMAX #1 WB-SFUNW 10/10  10/6F  10/6F  9/6F  96M  9/6M  9/6M  8.5/6M 8/6M MM <6
CORROSTABIL PRIMER NG-SFUNW 10/10  95/10 95110 8.8/10 83/10 838M 838M 758M 688M <6 <6
C-4-100 TOPCOAT SD-SFUNW 10/10  9.8/6F 98/6F 93/6F 93/6F 93/6F  9/6M  B.5/6M 8/6M  73/6M  6.8/6M
CG-SFUNW 10/10 9510 95110 88/6F 88/6F 88/6F 85/6M 85/6M  7.5/6M 6M  6.8/6M
WB-SFWASH 10/10 98/6F 9.8/6F 95/6F 93/6F 93/6F  96M  B.8/6M 8/6M  7.3/6M 6./6M
NG-SFWASH 1010 98/10  98/10 8510 85/10 83/10 88M  7.8/8M M <6 <6
SD-SFWASH 10/10 1010 10/10  958F  938F  93/8F 9/)8F  888F  858F  7.88F 15/8F
CG-SFWASH 10/10 1010 10/10 988M 9.3/8M 888M 888M 888M  838M  738M  6.8/8M

S Bv-T6
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TABLE 1 (cont.)
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MANUFACTURER PREPARATION 24 HRS 48 HRS 72 HRS 168 HRS 336HRS 504 HRS 672 HRS 1008 HRS 1344 HRS 1620HRS 2016 HRS
(1 WK) (2 WKS) (3 WKS) (4WKS) (6 WKS) (8 WKS) (10 WKS) (12 WKS)
XYMAX #2 WB-SFUNW 1010 92F 88/2F 15”M  152M  152M  132M 132M 682M 68”2M < 6
PUR-PR-PRIMER NG-SFUNW 10/10 95110 95110 9/6F 9/6F 9/6F 9/6F 9/6F 9/6F  85/6F 8.5/6F
PURCOVER TOPCOAT SD-SFUNW 10/10  10/4F  10/4F  954F  95/4F  9.3/4F 9/4F 9/4F  85M4F  83/4F 8.3/4F
CG-SFUNW 10/10  93/4F 93/4F 88/4F 88/4F 88/4F 884F  884F  854F  85/4F 8.5/4F
WB-SFWASH 10/10 93/6M 93/6M 88/6M 8.8/6M 85/6M 83/6M  8.3/6M 8/6M  7.5/6M 7/6M
NG-SFWASH 10/10  10/10  10/10 10/BM 9.8/AM 9.8/8M 988M  93/8M  93/8M  8.8/8M 8.8/8M
SD-SFWASH 1010  10/8D 108D  10/8D 108D 958D 93/8D 938D 938D  9.3/8D 9.3/8D
CG-SFWASH 10/10  10/8D 108D 958D 95/68D 958D 958D 958D 958D  93/8D 9/6D

Note: Example of rating - 9.5/6F
9.5 - Corrosion Rating
6 - Medium Size Blisters
F - Few Blisters

0t
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the pictorial representation of the various
steps, refer to the conplete ASTM Standard.

5.1.2 The performance of the coating systens can be
broken down to the generic types of materials and
separately discussed.

5.1.2.1 Epoxv Mastic/Urethane - This generic
class of coating system dom nated the

overal | percentage of naterial

conbi nations submtted for testing. O
the 28 coating systems tested, 16
systens consisted of the eﬁpx masti c
type primer followed by a high build

al i phatic polyurethane topcoat. As the
salt fog exposure data shows, these high
build, thick film(10-15 mls DFT)
material s display good corrosion
protection over marginally prepared
carbon steel surfaces. Mst notably the
Anmer on 400/Amershield, Devoe
467/235/359, DuPont 25p/326, Signma
7476/5523, and Sout hern 645/270 systens
exhi bited excellent protection with all
panel s rating higher than a *9* for al
surface preparations after over 2000
hours in the salt fog chanber. However
several materials such as the Carboline
Car bormastic 15 Low Odor/D834, Henpel
4515/5528, and Plasite G 720/ 2089
systens di splayed unacceptabl e
performance with many panels rating <6
after the salt fog exposure. This
result shows that the performance of
this class of materials is product
specific and they must be chosen
carefully to obtain the higher
performng naterials required for |ong
term protection of KSC |aunch structures
and ground support equi pnent.

5.1.2.2 Chem cal Conversion Prodycts - AS a
class, these materials perforned poorly
in the salt fog testing and nost did not
qualify for testing at the KSC Beach
Corrosion Site. The three compn
tannate conversi on/primer materials such
as Loctite EXTEND, Neutra-Rust 661, and
Packard RENEW did not provide acceptable
performance in the 2000 hour salt tog
screening test with nost of the panels
rating <6 after exposure. However, two
materials, Coulter MP-7 and Chesterton
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NR-763, did performwell enough to be

i ncluded in the beach exposure testing.
The MP-7 material is a thin, acid based
material used to prepare the rusted
substrate for further coating. The
Chesterton NR-763, nore comonly known
as "Rust Transfornmer", is a thin, tannic
acid based conversion coating used to
formiron tannates on the rusted steel
surface to provide reported corrosion
protection. Both of these products
allowed the application of a epoxy
mastic/ urethane system that may have
contributed a great deal to the overal
performance of the systemin the salt
fog exposure.

5.1.2.3 Moistyre Cured Urethane - I n recent
years, this class of material has gained
recognition in the naintenance coating
field due to their single package
formul ati on and ease of application.
The urethane fornulation requires
relatively thin application thicknesses
(3 mls DFT) per coat to prevent foam ng
of the wet coating film Therefore, the
two coat systens had DFT’s of 4-6 mls
for the total coating thickness. These
t hi nner coating systens did not
generally performas well as the thicker
epoxy mastic nmaterials. However, one
system Am Tee L1-P/L1-C, performed very
well in the salt fog testing and was
consi dered for beach exposure.

5.1.3 CQverall, the salt fog exposure testing provided

excel lent information about the ability of a
coating systemto protect nmarginally prepared
carbon steel surfaces fromthe effects o

noi sture and salt. |t allowed rapjid screening of
many products and reduced the final nunber to an
accept abl e cross section of nmaterials.

5.2 Beach Exposure Results

5.2.1 The results of the beach exposure testing are

presented in Table Ill.  Again, the val ues
represent the arithmetic average oF two panel s
exposed at the sane time. PBljstering data per
ASTM D714 were taken only at t%e 18-month pglnt
and are included in the Table.
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BEACH EXPOSURE RESULTS (RUST GRADES/BLISTER RATING @ 18 MONTHS)

MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
AMERON CGWASH 10 10 10 10/6F
400 EPOXY NGWASH 10 10 10 10/6F
AMERSHIELD CGUNW 10 10 10 9.8/6F

NGUNW 10 10 10 10/10
UNCLEAN 10 10 10 10/10

MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
DEVOE CGWASH 10 9.5 9.5 8.8/6F
467 PRE-PRIME NGWASH 10 10 10 9.5/10
235 EPOXY CGUNW 10 10 10 9/6F
359 TOPCOAT NGUNW 10 10 9.75 9.8/10

UNCLEAN 10 10 10 9/10

MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
DuPONT CGWASH 10 10 10 10/6F
25P EPOXY NGWASH 10 9.75 9.5 9.5/6F
326 TOPCOAT CGUNW 10 9.75 9.5 9.5/4F

NGUNW 10 975 9.75 9.8/4M

MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
ELITE CGWASH 10 10 9.75 9/10
7510 EPOXY NGWASH 10 10 9.75 9.8/6F
4040 TOPCOAT CGUNW 10 10 9.5 9/6F

NGUNW 10 10 10 9.3/6F
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MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
ENGARD CGWASH 10 10 10 10/8F
473 EPOXY NGWASH 10 10 10 9.8/6F
428HS TOPCOAT CGUNW 10 10 10 10/6F
NGUNW 10 10 10 9.8/6F
MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
MP-7 CONVERTER CGWASH 9.75 9.25 9 6.5/4F
DEVOE 235HS/359 NGWASH 9.25 8.75 8.5 7/10
CGUNW 9.25 9.25 9 6/4M
NGUNW 9 8.5 8 7/4F
UNCLEAN 9.5 8.5 8.5 6/4F
MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
PORTER CGWASH 10 10 9.75 9.8/8F
7900 EPOXY NGWASH 9.75 9.5 9.5 9.5/10
XP9 1-556A TOPCOAT CGUNW 10 10 9.75 9.8/8F
NGUNW 10 9.75 9.75 9.8/10
MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
PPG CGWASH 10 9.5 9.5 9/GF
97-149 DTR EPOXY NGWASH 10 9.75 9.5 8.5/6F
97-8 12 TOPCOAT CGUNW 10 9.5 9.25 9/6F
NGUNW 9.75 9.5 9.25 8/6F
MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
RUST TRANSFORMER CGWASH 10 9.75 9 7.52M
WITH NGWASH 9.5 9.5 8.5 6/2MD
DEVOE 235HS/359 CGUNW 10 9.75 9 8/4F
NGLINW 9.25 8.5 8  4.5/4MD
UNCLEAN 9.5 9.5 8.5 6/4M
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MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
SHERWIN-WILLIAMS CGWASH 10 10 10 10/6MD
B58 EPOXY NGWASH 10 10 9.75 9.8/6M
B65 TOPCOAT CGUNW 10 10 10 10/6MD

NGUNW 10 10 10 10/6M

MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
SIGMA CGWASH 10 10 10 10/4M
7476 EPOXY NGWASH 9.75 9.5 9.5 9.5/6M
5523 TOPCOAT CGUNW 10 10 10 10/4M

NGUNW 10 10 10 10/6M

MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
SOUTHERN COATINGS CGWASH 10 10 10 9.5/6F
645 EPOXY NGWASH 10 10 10 10/6F
270 TOPCOAT CGUNW 10 10 10 10/6F

NGUNW 10 9.75 9.5 9.5/6F
p————— . — e

MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
TNEMEC #1 CGWASH 10 10 9.25 9.3/6F
135 EPOXY NGWASH 10 10 9.75 9.8/6F
74 TOPCOAT CGUNW 10 9.25 9 9/6F

NGUNW 9.75 9.5 9 9/6F
MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
TONEMEC #2 CGWASH 9 85 8 7/6M
NGWASH 9 8.25 8 6/8M
Wi CTapiRIpIHANE CGUNW 9 8.25 8 6/8SMD
NGUNW 9 85 8 6/3SMD



TABLE IO (cont.)

36

91-4835
MANUFACTURER PREPARATION 3 MON. 6 MON. 12 MON. 18 MON.
XYMAX #2 CGWASH 9.75 9 9 9/6F
PUR-PR-PRIMER NGWASH 9.75 9.25 9.25 9/6F
PUR-COVER TOPCOAT CGUNW 9.75 9.25 9 8.8/8M
NGUNW 9.5 9 8.75 8.8/6M

Note: Example of Rating - 9.5/6F
9.5 - Corrosion Rating
6 - Medium Size Blisters
F - Few Blisters
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5.2.2 The performance of the coating systens can be
broken down to the(?enerlc types of materials and
separately discussed.

5.2.2.1

- Due to the

Epoxv Mastic/Urethane J
overal | better performance of this class

of coatin? s%sten1in the salt fog
portion of this study, a higher
percentage of these materials were

I ncluded in the beach exFosure testing.
As can be seen from Table IlI, these
materials continued to outperform the
other classes of materials included in
this study. Although the panel ratings
of these products were relatively close,
the varying performance of simlar
products in this class confirned that
the performance of these materials is
product specific and should be

consi dered when choosing materials for
use on KSC structures. Continued
exposure of these materials at the KSC
Beach Corrosion Test Site should reveal
more definitive results on the higher
perforn1n? materials. The results of
the totally uncleaned panels was
surprising and shows the ability of
these coatings to protect the carbon
steel substrate from continued rusting
even in the severe marine environnment at
KSC. These coatings should continue to
be used at KSC and wi |l enhance the

mai nt enance effort on corroded surfaces
that cannot be properly cleaned with
abrasive blasting. However, they are
not a substitute for the exceptional
performance of the inorganic zinc
systens used at KSC for long term
protection of carbon steel surfaces.

5.2.2.2 Chemical Convexrsion Products - Wil e two
of these products provided acceptable

performance in the salt fog chanber
testing, the beach exposure testing
reveal ed unacceptable results. |t js
interesting to note that these chem ca
conversion products were topcoated using
a particular epoxy mastic/urethane
conbi nation that provided excellent
protection to panels that did not
receive the chemcal pretreatnent.
These conversion products nmay continue
to remain acidic and chemcally active
under the coating film attacking the
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steel substrate and possibly o
deteriorating the protective qualities
of the topcoat materials.

5.2.2.3 Misture CQured Urethane - Due to the

limted success in the salt fog exposure
testing, only two of this class of _
materials were exposed in the beach site
test sequence. The Am Tee L1-P/L1-C
system naterials used in the salt fog
testing had gelled in the cans when the
beach panels were being Qrepared, so the
simlar coating system Xymax PUR-

PR/ PUR- COVER, was substituted for beach
testing. As can be seen from T Table III,
the performance of these materials was
better than the chem cal conversion
products, but not as good as the epoxy
mastic coating systens. The thin film
nature of these systems (5-6 mls DFT
total) may not ﬁrovide sufficient
coverage over the asperities associated
with the heavily pitted and scal ed
carbon steel surfaces. The Tnemec 50-
330/ 74 system provided unacceptabl e
performance at the 18 nonth period but
the Xymax system did perform better
Continued exposure of these panels at
the beach site will nore clearly define
the performance characteristics of the
Xymax systemin relation to the higher
build coating systens.

The results of the topcoat gloss retention
testing are presented in Table IV, V, and VI for
exposure of 6, 12, and 18 nonths respectively.
The data are presented as percent |oss of %Ioss.
To find percent gloss retention subtract the
value from 100 (i.e., 100 - % loss = % gl oss
retention). The tine of year corresponding to
the different exposure times were 7/90 - 1/91 for
the first six nonths, 1,91 - 7/91 for the second
six nonths, and 7/91 - 1,92 for the final six
months. Al of the materials were aliphatic
Bolyurethane fornulations with some variation in
| ending between acrylic and polyester resins.

5.2.4 As reported in a previous topcoat gloss

i nvestigation (MTB 268-86B, February 1988), the
materials performed well for the first 6 nonths
(Florida summer/fall) except for the Porter
XP91556A, whi ch | ost over 50 percent gl oss.
Except for the Porter naterial, nost of the
materials displayed little or no loss of gloss.



91-4835

TABLE |V
6 MONTH TOPCOAT GLOSS DATA

__ MATERIAL NAME =~ INITIAL G.OSS 6 MONTH GLOSS

AVERON AMERSH ELD 89% 79%
DEVCE 359 68% 68%
DUPONT 326 69% 68%
ELI TE 4040 75% 75%
ENGARD 428HS 59% 59%
PORTER xP91556A 71% 32. 8%
PPG 97-812 74% 74%
PURE COAT C-4-100 89% 69. 7%
SHERW N W LLI AMS B60V2 72% 63%
S| GVA 5523 78% 78%
SQUTHERN 270 54% 51. 2%

TNEMEC 74 ENDURASHI ELD |V 75% 75%

39
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TABLE V
12 MONTH TOPCOAT GLOSS DATA

— MATERIAL NAME = INITIAL GLOSS 12 MONTH GLOSS % LOSS (12 MO,.)

AVERON AMERSHI ELD 89% 49. 6% 44.3
DEVOE 359 68% 46. 3% 31.9
DUPONT 326 69% 42. 5% 38. 4
ELI TE 4040 75% 52. 5% 30.0
ENGARD 428HS 59% 28. 6% 51.5
PORTER XP91556A 71% 15. 8% 7.7
PPG 97-812 74% 51. 2% 30. 8
PURE COAT C-4-100 89% 44. 1% 50. 4
SHERW N W LLI AM5 B60V2 72% 50. 8% 29.4
SI GVA 5523 78% 45. 4% 41.8
SOQUTHERN 270 54% 30. 3% 43.9
TNEMEC 74 ENDURASHI ELD IV 75% 55. 3% 26.3
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TABLE VI
18 MONTH TOPCOAT GLGSS DATA

— MATERIAL NAME ~  INITIAL GLOSS 18 MONTH GLOSS % 1 (OSS (18 MO.)

AVERON AMERSHI ELD 89% 24. 9% 72.0
DEVCE 359 68% 26. 7% 60.7
DUPONT 326 69% 27. 9% 59.6
ELI TE 4040- 75% 30. 4% 59.5
ENGARD 428HS 59% 15. 1% 74. 4
PORTER xP91556A 71% 13. 1% 81.5
PPG 97-812 74% 33. 9% 54,2
PURE COAT C4-100 89% 24. 6% 72.4
SHERW N W LLI AMS B60V2 72% 44. 4% 38.3
SI GVA 5523 78% 40. 8% 47.7
SQUTHERN 270 54% 20. 3% 62. 4
TNEMEC 74 ENDURASHIELD |V 75% 47. 8% 36. 3
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The second six months (Florida w nter/spring)
produced nore neasurabl e reductions in percent
gloss with the Tnemec 74 providing the highest
gloss with the | owest percent |oss of gloss. As
was found in the previous referenced study, t he
final six nmonth period of Florida sumrer/tall
produced significant deterioration of topcoat

| oss values. The best perforners were reveal ed

uring this period and were clearly the Sherwn
WIlians B60v2, Sigma 5523, and the Tnenec 74
with the coating retaining over 40 percent
topcoat gloss. Due to the level of gloss _
reduction at 18 nonths and general deterioration
of the test panels, no further gloss testing wll
be conducted on these products.

5.2.5 Several of the manufacturers of topcoat products

included in this study provided the same or
simlar products for evaluation in the MIB 268-86
study. These manufacturers coating products and
their 18 nonth gloss retention data are shown in
Table VII for conparative pukﬁpses. The
materials submtted for the MIB 268-86 study were
received in 1985 and were applied and exposed in
1986. The nmaterials submtted for this study
were received in 1989 and were applied and
exposed in 1990. Mst of the products subnitted
for this study displayed inproved gloss retention
properties over the 1986 counterparts. However
the overall performance of the aliphatic

pol yurethanes in the high intensity uv
environment at KSC is considered only marginally
accept abl e.

5.2.6 Photographs of the panels exposed for 18 nonths

at the KSC Beach Corrosion Site with the product
identification key can be found in Appendix A

5.3 BQ&QD_Emsure_mLsusﬁa-LLan—Emr_e

5.3.1 As part of the data acquisition process,

conparisons of the different exposure
conditions could be investigated to
determ ne any correlation of perfornance
between particular material/preparation
conbinations. Al the materials exposed at
the Beach Exposure Site could be conpared to
t he exposure at various timesfor the sane
materials in the salt fog chanmber. The
panel s exposed at the beach were conpared to
the NGUNW CGUNW NGMSH, and CGMSH panel s
that were exposed in the chanber
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TABLE VI
TOPCOAT (0SS COVPARI SON DATA
MANUFACTURER INITIAL CGLOSS 18 MO, GLOSS % LOSS
AMERON AMERSHI ELD (1986) 82% 18% 78
AMERON AMERSHI ELD (1990) 89% 25% 12
DEVCE 359 (1986) 76% 35% 54
DEVCE 359 (1990) 68% 27% 61
DuPONT 326 (1986) 79% 53% 33
DUPONT 326 (1990) 69% 28% 60
ENGARD 428 (1986 51% 15% 71
ENGARD 428 (1990 59% 15% 74
PORTER 8610 (1986) 37% 6% 84
PORTER XP91556A (1990) 71% 13% 82
PPG 97-812 (1986) 65% 15% 7
PPG 97-812 (1990) 74% 34% 54
SHERWN WLLIAVS H Bild (1986) 71% 17% 76
SHERW N W LLI AMS B60V2 (1990) 2% 44% 38
SIGVA 7523 (1986) 81% 15% 81
SI GVA 5523 (1990) 78% 41% 48
TNEMEC 70 (1986) = 85% 65% 24
TNEMEC 73 (1986) 85% 32% 62
TNEMEC 74 (1990) 75% 48% 36

* - Polyester formulation
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5.3.2 Since blistering was not recorded on the
beach exposed panels until the 18 nonth
point, this will be the baseline for
conparison to the panels in the salt fog
chanber .

5.3.3 Analysis of this data will require
significant statistical work and will not be
presented in this report. A separate report
wll be witten in the future conFaring t he
different exposure of the simlarly prepared
panel s.

6.0 CONCLUSI ONS

6.1 Based on the results of the salt fog and beach

exposure testing, the epoxy mastic Briners W th

pol yur et hane topcoats produced the best performance
as a generic class of coating materials. These
materials should be considered for use on Kennedy
Space Center facilities and ground support

equi pnent i ncluding launch structures.

6.2 Chem cal conversion coatings tested as a part of

this study produced unacceptable results and shoul d
not be used for corrosion control operations at
Kennedy Space Center.

6.3 Salt fog testing procedures conducted during this

I nvestigation provided extremely useful information
about relative performance of surface preparation
and coating system performance. However, salt fog
testing should not be considered an absol ute

repl acenent technique for actual outdoor exposure.
This was an expected result and reaffirnms the need
to conduct protective coating and corrosion studies
inthe real world to obtain the true perfornance of
the materials in the intended use environment.
Accelerated testing is still a useful tool but
shoul d be considered just a tool and not a
definitive answer.

6.4 Topcoat gloss testing reveal ed some inproved

results over simlar products tested several years
ago. In general, the overall performance of the
pol yuret hane formul ati ons showed enhanced gl oss
retention for the first 12 nonths but the final 6
mont hs produced significant reductions in specul ar
gl oss.  However, several materials, such as Sherwin
Wl lianms Be0v2 and Tnemec 74, displayed excellent
results. The conbination of intense W light from
the Florida sun, settlenent of dirt and dust on the
coating surface, possible abrasion fromw nd bl own
sand, and high surface tenperatures during the
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sunmer nont hs produces an extrenely harsh
environnent for topcoat gloss retention

6.5 O the four nechanical preparation nethods used
during this study, the nost effective overall
met hod for the higher build coating systens was the
pneumati ¢ needle scaler or needle gun. This device
produced a significant profile in the netal surface
resultlng in better adhesion of the coatings and
reduced blistering. It allowed better preparation
of uneven surfaces making it a nore suitable choice
for conpl ex shapes such as bolt heads, splice
plates, or other structural connections.

6.6 For the thinner coating systenms such as the
noi sture cured urethanes, the coarse grinding wheel
produced the best results. The deep surface
profile of the needle gun was not fully covered by
the thinner films and displayed sone pinpoint
rusting. The grinding wheel produces a smaller
profile and better overall cleanliness. This
al l owed the thinner noisture cured systems to
provi de acceptable results.

6.7 The renoval of surface salts by high pressure water
washi ng did not produce any significant
i mprovements to the overall coating perfornance at
the 18-month rating period. The materials. that
di spl ayed excel | ent corrosion protection did not
show di m ni shed perfornmance over the higher salt
panels.  However, this was not true for some of the
poorer performing materials. Higher salt_ _
concentrations on the Preﬁared surfaces did display
increased blistering of these coating products.

R
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